(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Internationa] Bureau 

(43) International Publication Date 
8 June 2006 (08.06.2006) 




PCT 



i llll II II I I II III II ill I I I III! II III II I II 

(10) International Publication Number 

WO 2006/059753 Al 



(51) International Patent Classification: 

A61K 31/546 (2006.01) A61K 47/26 (2006.01) 
C07D 501/22 (2006.01) 

(21) International Application Number: 

PCT/JP2005/022249 

(22) International Filing Date: 

29 November 2005 (29.1 1.2005) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/631,628 30 November 2004 (30.11.2004) US 

(71) Applicant (for all designated States except US): ASTEL- 
LAS PHARMA INC. [JP/JP]; 3-11, Nihonbashi-Honcho 
2-chome, Chuo-ku, Tokyo 103-8411 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): OUNISHI, 
Naozumi [JP/JP]; c/o Astellas Pharma Inc., 3-11, Ni- 
honbashi-Honcho 2-chome, Chuo-ku, Tokyo, 103-8411 
(JP). DEGUCHI, Shuhei [JP/JP]; 3-5-30, Hayashi, Fu- 
jiidera-shi, Osaka 583-0007 (JP). KITAMURA, Satoshi 
[JP/JP]; c/o Astellas Pharma Inc., 3-11, Nihonbashi-Hon- 
cho 2-chome, Chuo-ku, Tokyo, 103-8411 (JP). 

(74) Agents: MORTTA, Hlroshl et al.; c/o Astellas Pharma 
Inc., 3-11, Nihonbashi-Honcho 2-chome, Chuo-ku, Tokyo 
103-8411 (JP). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, Nl, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



On 
if) 



fs| (54) Title: NOVEL ORAL PHARMACEUTICAL SUSPENSION OF CEFDINIR CRYSTAL 



(57) Abstract: The present invention relates to a novel oral pharmaceutical suspension of ccfdinir crystal. More specifically, the 
present invention relates to a novel kit for preparation of an oral pharmaceutical suspension containing crystal form C Ccfdinir. 



WO 2006/059753 . _ PCT/JP2005/022249 

DESCRIPTION 
Novel oral pharmaceutical suspension of Cefdinir crystal 



Technical Field 

The present invention relates to a novel oral pharmaceutical suspension of crystalline 
Cefdinir. More specifically, the present invention relates to a novel kit for preparation of an 
oral pharmaceutical suspension containing crystal form C Cefdinir. 

Background Art 

7-[2-(2-ammotMazol^yl)-2-hyd . 
ic acid (syn isomer), known as Cefdinir, is a cephalosporin antibiotic having high antibiotic 
activity and broad antibacterial spectrum. Cefdinir was first disclosed in US 4,559,334, which 
is incorporated herein by reference. 

To date, two crystal forms of Cefdinir have been observed and prepared in view of 
suitability for a pharmaceutical product and ease for handling. One crystal form of Cefdinir 
(hereinafter referred to as "crystal form A") has been disclosed in, for example, US 4,935,507, 
incorporated herein by reference, which has been widely used as an oral pharmaceutical 
suspension form. 

Another crystal form of Cefdinir (monohydrate, also referred to as "crystal form B") 
including its method of preparation has been disclosed in JP Patent application No. 62-206199 
• found in the file of EP0304019, which is incorporated herein by reference. Recently, crystal 
form B has also been described in US 2003/0204082 Al. However, crystal form B of 
Cefdinir has not been used to form oral suspensions. 

Summary of the Invention 
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In the present application, the present inventors have studied the physicochemical 
properties of the lower hydrates of Cefdinir, and established the present invention based on the 
novel knowledge gained from these studies. 

Specifically, the present inventors have found that crystal form A of Cefdinir exists in 
an aggregate of small crystals, whereas the lower hydrates of Cefdinir, such as the 
monohydrate sometimes called crystal form B, exist in the shape of needles. Furthermore, 
the present inventors have found that the lower hydrates of Cefdinir transform to another 
hydrate having 1.5 to two or more waters of hydration per mole of Cefdinir in high moisture 
condition or aqueous solvent and exist as another crystal form, a higher hydrate. That is, in 
high moisture condition or aqueous media, the lower hydrates of Cefdinir transform to a 
higher hydrate (also referred to as "crystal form C") which may be present as the 
sesquihydrate, dihydrate, trihydrate, trihemyhydrate, tetrahydrate^ etc. or mixtures thereof. 
The term Crystal form C is simply convenient nomenclature for the product which results 
when one or more Cefdinir lower hydrates are converted into one or more higher hydrates in 
the presence of moisture or aqueous media. The sedimentation rate of crystal form C in 
aqueous solvent is lower than that of crystal form A, and dispersibility of crystal form C in 
aqueous solvent is higher than that of crystal form A. This phenomenon is most likely due to 
the shape of the lower hydrate crystal and the transformation of the lower hydrate crystal to 
crystal form C in aqueous solvent. The above-described properties of the lower hydrate and 
form C found by the present inventors make it easier for people to take an oral pharmaceutical 
suspension containing Cefdinir and allow for long storage of an oral pharmaceutical 
suspension containing Cefdinir. 

In one aspect, the invention provides a kit for preparation of an oral pharmaceutical 
suspension of crystal form C Cefdinir, wherein said kit comprises: (a) a composition 
comprising a lower hydrate of Cefdinir within a first container; and (b) a label or a written 
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material indicating that said composition is admixed with pharmaceutical^ acceptable aqueous 
carrier prior to administration, wherein said composition when admixed with said carrier 
forms an oral pharmaceutical suspension of crystal form C Cefdinir. 

In other aspect, the present invention provides an oral pharmaceutical suspension 
comprising crystal form C Cefdinir and pharmaceutical^ acceptable aqueous carrier. 

In other aspect, the present invention provides a method for preparing an oral 
pharmaceutical suspension comprising crystal form C Cefdinir, comprising admixing 
composition containing a lower hydrate of Cefdinir with a pharmaceutical^ acceptable 
aqueous carrier. 

In other aspect, the present invention provides a crystal form C Cefdinir. 
In other aspect, the present invention provides a pharmaceutical composition 
comprising crystal form C Cefdinir. 

. i 

t 

Brief description of the drawings 

Fig. 1 shows SEM micrographs of crystal form A and the monohydrate of Cefdinir. 

Fig. 2 shows moisture adsorption / desorption isotherm at 25 °C of Cefdinir 
monohydrate. 

Fig. 3 shows powder X-ray diffraction pattern of Cefdinir monohydrate at various 
relative humidities. 

Fig. 4 shows powder X-ray diffraction pattern of Cefdinir monohydrate after stirring 
in water for 5 minutes. 

Fig. 5 shows dispersion state of crystal form A of Cefdinir and Cefdinir 
monohydrate. 

Fig. 6 shows change of transmittance of suspensions prepared with crystal form A of 
Cefdinir and Cefdinir monohydrate. 
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Detailed description of the present invention 

The process for preparing Cefdinir is known in the art and has been disclosed in US 
4,559,334, incorporated herein. 

One process for preparing Cefdinir monohydrate is known in the art and disclosed in 
JP Patent application No, 62-206199. Another process has been disclosed in US 
2003/0204082 AL The monohydrate obtained may contain some crystal form A. 

The term 'lower hydrates" includes all hydrated forms of Cefdinir which convert in 
the presence of water or water moisture into higher hydrates (crystal form C) such as the 
sesquihydrate and trihemihydrate. One particularly preferred lower hydrate is the 
monohydrate, sometimes called crystal form B. Lower hydrates may contain up to about 
1.25 moles of water per mole of Cefdinir. There is no minimum amount of water which the 
lower hydrates must contain except that it must be greater than zero. Generally, the lower 
hydrates will contain from about 0.5 to 1.25 moles of water per mole of Cefdinir, preferably 
about 1.0. The lower hydrates may contain a mixture of hydrated forms and also may 
contain some form A, from 0 to 50% by weight. 

In one embodiment, the kit of the present invention comprises a composition 
comprising Cefdinir lower hydrate within a first container and a label or a written material 
indicating that said composition is admixed with pharmaceutical^ acceptable aqueous carrier 
prior to administration, wherein said composition when admixed with said carrier forms an 
oral pharmaceutical suspension of crystal form C Cefdinir. Preferably, the lower hydrate is 
the monohydrate. However, so far as oral suspension containing crystal form C Cefdinir 
can be formed, other crystal form than the lower hydrates of Cefdinir may be used in the 
composition. Crystal form C in the oral suspension includes any higher hydrate form such 
as sesquihydrate, dihydrate, trihydrate, trihemyhydrate and tetrahydrate, so far as it is 



4 



WO 2006/059753 PCT/JP2005/022249 

converted from the lower hydrate in the oral suspension. Examples of the oral suspension of 
the present invention includes, but are not limited to, the oral suspension which mainly 
contains Cefdinir trihemihydrate containing 3.5 moles of water per mole of Cefdinir. The 
crystal lattice structure of trihemihydrate contains about 14 moles of water per the unit cell. 
About 10 moles of water are found in the crystal channels. However, the oral suspension may 
contain some other higher hydrates of Cefdinir such as sesquihydrate, dihydrate, trihydrate 
and tetrahydrate. 

In one embodiment, the kit further comprises pharmaceutically acceptable aqueous 
carrier within a second container, wherein said carrier is admixed with said composition to 
form an oral pharmaceutical suspension of said crystal form C. In another embodiment, the 
kit further comprises a container used for admixing said composition with said 
pharmaceutically acceptable aqueous carrier to form an oral pharmaceutical suspension of said 
crystal form C. 

Preferably, said composition comprising Cefdinir lower hydrate is admixed with said 
pharmaceutically acceptable aqueous carrier to form an oral pharmaceutical suspension of said 
crystal form C immediately before said oral pharmaceutical suspension is used. Alternatively, 
multiple doses of said composition comprising Cefdinir lower hydrate may be admixed with 
said pharmaceutically acceptable aqueous carrier at once and may be preserved for using at a 
later time. 

The oral pharmaceutical suspension of the present invention comprises crystal form C 
Cefdinir and pharmaceutically acceptable aqueous carrier. The oral pharmaceutical 
suspension of the present invention can be prepared by admixing Cefdinir lower hydrate with 
pharmaceutically acceptable aqueous carriers. 
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The pharmaceutical acceptable aqueous carrier to be used in the present invention 
includes water and other diluent known in the art suitable for preparing oral pharmaceutical 
suspension. Preferably, the pharmaceutical^ acceptable aqueous carrier is water. 

The oral pharmaceutical suspension of the present invention may include, if necessary, 
phannaceutically acceptable additives including auxiliary substances, stabilizing agents, 
suspending agents, surface tension modifiers, viscosity modifiers, colorants, preservatives, 
flavoring agents and other commonly used additives such as lactose, citric acid, tartaric acid, 
stearic acid, magnesium stearate, sucrose, and the like. In one embodiment, such additive may 
be included in the composition comprising Cefdinir lower hydrate in the kit of the present 
invention, and in other embodiment, such additive may be included in the phannaceutically 
acceptable aqueous carrier in the kit of the present invention. In one embodiment, the 
composition comprised in the kit of the present invention contains about 125 mg of a Cefdinir 
lower hydrate and about 3.0 g sucrose, and the composition can be admixed with 5ml water 
as a phannaceutically acceptable carrier to form an oral pharmaceutical suspension of crystal 
form C Cefdinir. 

The container to be used in the present invention includes, but is not limited, bottle, 
vial, paper bag* test tube, and phannaceutically acceptable container known in the art. The 
container may be formed from one or more materials such as plastic, glass or paper. 

The amount of Cefdinir to be contained in the oral pharmaceutical suspension of the 
present invention may vary and depend upon the age, conditions of the patient, a kind of 
diseases, etc. In general, amounts between 1 mg and about 4,000 mg or even more per day 
may be administered to a patient. For example, an average single dose of about 10 - 1,000 mg, 
preferably about 50 - 500 mg, more preferably about 100 - 250 mg of Cefdinir may be used in 
treating diseases infected by pathogenic microorganisms. 
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Example 

The monohydrate was prepared as follows: Cefdinir (20.0 g) was added to water 
(200 ml) and the mixture was adjusted to pH 6.0 with saturated sodium bicarbonate aqueous 
solution. The resultant solution was subjected to a column chromatography on activated 
charcoal and' eluted with 20% aqueous acetone. Fractions were combined and then 
concentrated to 200 ml. This solution was adjusted to pH 2.2 at 15 °C with 10% 
hydrochloric acid and stirred at 0 °C for 30 minutes. The resultant crystals were collected by 
filtration, washed with water and dried to give crystals, of Cefdinir monohydrate. The 
present inventors investigated physicochemical properties for Cefdinir monohydrate and 
crystal form A. The results are described below. 

1. Scanning Electron Microscopy (SEM) 

SEM micrographs (HITACHI S-800) of form A and the monohydrate are shown in 
. Figure 1. It is clear from the figures that form A is an aggregate of small crystals, whereas the 
monohydrate is a needle shape. 

2. Physical Properties 

The present inventors investigate the interconversipn of the forms as follows. 

2-1. Moisture Adsorption / Desorption Isotherm 

The moisture adsorption / desorption isotherms of the monohydrate were measured in 
relative humidities of 5 to 95% at 25 °C by microbalance method (VTI MB-300W 
(Microbalance) and MKA-510 (Kyoto electronics MFG, LTD.)). The obtained moisture 
adsorption / desorption isotherm is shown in Figure 2. The water increased to the content 
corresponding to higher hydrate form at the relative humidity of more than 70%, and to 
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trihydrate at the higher relative humidity such as 95%. To confirm the crystal form at each 
relative humidity, the powder X-ray diffraction (PXRD) patterns were measured at the each 
controlled relative humidity (10, 75, and 95% RH) (Rigaku RINT TTR2 and Rigaku 
HUMIDITY GENERATOR HUM-1). The obtained PXRD patterns are shown in Figure 3. 
It was confirm that the obtained PXRD patterns were different from that of intact sample, that 
is, the PXRD pattern of the monohydrate measure at no controlled relative humidity. From 
these results, it was considered that the monohydrate transformed to another higher hydrate 
(crystal form C) at high relative humidity, and crystal form C keeps 1.5 or more molecules of 
crystalline waters. 

2-2. Solvent medium Transformation 

Form A and the monohydrate were suspended in water or ethanol (99. 5) at room 
temperature, and the powder X-ray diffraction (PXRD) patterns of the residual solid materials 
were measured (Bruker AXS D8 Discover with GADDS). Figure 4 shows PXRD pattern of 
the residual solid obtained from the monohydrate after 5 minutes stirring in an aqueous 
suspension, and it was confirmed that the obtained pattern corresponded to that of another 
hydrate keeping much amount of molecules of crystalline water. Therefore, it was concluded 
that the crystalline change from monohydrate to crystal form C was occurred in an aqueous 
suspension. 

On the other hand, form A showed no crystalline conversion to other crystal form in 
aqueous and ethanol suspensions. 

3. Dispersibility comparison assay 
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The dispersibility of two crystal forms of Cefdinir was compared by evaluating 
sedimentation rates of two crystal forms. The evaluating sedimentation rate was conducted by 
using two methods as follow. 

3-1. Method 1 

About 1250 mg of crystal form A or the monohydrate were dispersed in 50 mL of 
water (125 mg/5 mL), and the suspensions were vigorously shaken by hand. Then, the 
appearances of contents were observed in a test tube (about sediments and lumps). The 
pictures of suspension states were taken with time. As shown in Figure 5, the dispersion 
state of the suspension of the monohydrate was better than that of form A, and the 
sedimentation rate of the monohydrate was slower than that of form A. 

3-2. Method 2 

5 mg of crystal form A or the monohydrate were dispersed in 10 mL of water 
(sample concentration: 0.5 mg/mL), and the suspensions were vigorously shaken. Then, the 
dispersed suspensions were transferred in the cell for UV measurement, and changes of the 
transmittances at 650 nm were measured. As shown in Figure 6, the transmittance of 
suspension prepared with form A showed the faster increase than that of the monohydrate, 
indicating that form A sank down faster than the monohydrate in the suspension. This result 
was corresponding to the observation result of dispersion rate. 

The suspension properties of form A can be improved by grinding, however, this 
adds an additional step which is not necessary with the lower hydrates, such as the 
monohydrate. 
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CLAIMS 

1. A kit for preparation of an oral pharmaceutical suspension of crystal form C of 
Cefdinir, wherein said kit comprises: 

(a) a composition comprising Cefdinir within a first container; and 

(b) a label or a written material indicating that said composition is admixed with 
pharmaceutically acceptable aqueous carrier prior to administration, 

wherein said composition when admixed with said carrier forms an oral 
pharmaceutical suspension of crystal form C of Cefdinir. 

2. A kit for preparation of an oral pharmaceutical suspension of crystal form C of 
Cefdinir, wherein said kit comprises: 

(a) a composition comprising a lower hydrate of Cefdinir within a first container; and 

(b) a label or a written material indicating that said composition is admixed with 
pharmaceutically acceptable aqueous carrier prior to administration, 

wherein said composition when admixed with said carrier forms an oral 
pharmaceutical suspension of crystal form C of Cefdinir'. 

3. The kit of claim 2, wherein the lower hydrate of Cefdinir is monohydrate. 

4. The kit of claim 1, 2, or 3, wherein said kit further comprises (c) pharmaceutically 
acceptable aqueous carrier within a second container. 

5. The kit of claim 1, 2, or 3, wherein said kit further comprises (d) a container used 
for admixing said composition with said pharmaceutically acceptable carrier to form an oral 
pharmaceutical suspension of said crystal form C. 

6. The kit of claim 1, 2, or 3, wherein the pharmaceutically acceptable carrier is water. 

7. The kit of claim 1, wherein said Cefdinir is admixed with a pharmaceutically 
acceptable additive or mixture of additives. 
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8. The kit of claim 2, wherein the lower hydrate of Cefdinir is admixed with a 
pharmaceutically acceptable additive or mixture of additives. 

9. An oral pharmaceutical suspension comprising crystal form C of Cefdinir, and a 
pharmaceutically acceptable aqueous earner. 

10. The oral pharmaceutical suspension of claim 9, wherein said suspension also 
comprises at least one pharmaceutically acceptable additive. 

11. An method for preparing an oral pharmaceutical suspension comprising crystal 
form C of Cefdinir, comprising admixing composition containing the lower hydrate of 
Cefdinir with a pharmaceutically aqueous acceptable carrier. 

12. The method of claim 11, wherein the lower hydrate of Cefdinir is monohydrate. 

13. A crystal form C of Cefdinir. 

14. A pharmaceutical composition comprising crystal form C of Cefdinir. 
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